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The e f f e c t i v e and e f f i c i e n t management o f goods and s e r v i c e has become i n c r e a s -
i n g l y important i n b o t h t h e p r i v a t e and publ i c s e c t o r . The importance of t h i s i s emphas i z e d by t h e costs a s s o c i a t e d and t h e income e f f e c t . Of t h e t o t a l p h y s i c a l d i s t r i b u t i o n management costs, t h e costs a s s o c i a t e d w i t h r o u t i n g and s c h e d u l i n g of v e h i c l e s c o n s t i t u t e a very important p a r t . Fuel c o s t s , d r i v e r salaries and c a p i t a l c o s t s f o r v e h i c l e mainteriance are i n c r e a s i n g d r a m a t i c a l l y . I t i s t h e r e f o r e of g r e a t importance f o r companies t o reduce t h e i r f l e e t o p e r a t i o n c o s t s . W e ob-
serve t h a t due t o t h e l a r g e c o s t s , even small p e r c e n t u a l improvements may be s i g n i f i c a n t .
Due t o t h e complexity of t h e d i s t r i b u t i o n problems i n c l u d i n g r o u t i n g components, t h e
use of o p e r a t i o n s research-based methods and a l g o r i t h m s i s needed. Even f o r s m a l l p?oblem s i z e s , t h e computer-based methods o f f e r advantages o v e r t h e manual methods n o t o n l y w i t h r e s p e c t t o cost r e d u c t i o n or p r o f i t improvement, b u t a l s o i n terms o f , e.g., b e t t e r customer s e r v i c e . The paper d i s c u s s e s t h e c o n s t r u c t i o n o f a d e c i s i o n s u p p o r t system ass i s t i n g t h e p l a n n e r i n charge of r o u t i n g and scheduling t a s k s a t t h e o p e r a t i o n a l l e v e l . The system is implemented on an IBM PC and schould, t h e r e f o r e , be a n economically f e a si b l e s o l u t i o n f o r companies o f any size. The system w i l l assist i n s o l v i n g both r o u t i n g problems w i t h one d e p o t , and one depot r o u tt i o n s . The method i s f a s t and may handle problems w i t h se&ral hundred customers, ,;,Introduction I n a r e c e n t paper by Bocxe and T i l a n u s [ I ] concerning s t a n d a r d software f o r v e h i c l e scheduling t h e conclusion w a s t h a t t h e r e i s a need f o r f l e x i b l e , userf r i e n d l y , i n t e r a c t i v e , and cheap v e h i c l e Wasil [ 5 1 s u p p o r t t h i s conclusion. Furthermore t h e a u t h o r s r 2 -5 1 recommend t h e use of microcomputers t o meet t h e requirements of f l e x i b i l i t y , u s e r -f r i e n d l i n e s s , i n t e r a c t i v i t y and cheapness.
The r e a s o n s for i n t e r a c t i v i t y are among o t h e r t h i n g s :
-n o t a l l f a c t o r s i n a problem can o r are wanted t o be q u a n t i f i e d -an i n t e r a c t i v e system provides t h e u s e r w i t h more f l e x i b i l i t y -it i s p o s s i b l e t o combine t h e speed of a computer, good s o f tware, and t h e experience of a d i s t r i b u t i o n planner -e x p e r i e n c e shows t h a t good plann e r s i n f a c t are a b l e t o improve h e u r i s t i c s o l u t i o n s c o n s i d e r a b l y
The r e a s o n s f o r implementation on a i n g and scheduling problems where t i m e cons t r a i n t s are imposed. The system i s i n t e r a ct i v e , which makes it p o s s i b l e t o i n c o r p o r a t e u s u a l l y u n q u a n t i f i a b l e f a c t o r s on t o p o f t h e s o l u t i o n p r o c e s s and t o produce b e t t e r solupersonal computer are:
-p e r s o n a l computers are cheap -it i s r a t h e r e a s y t o develop f a s t CH2556-9/88/0000-0341 $1 .OO @ 1988 IEEEi n t e r a c t i v e g r a p h i c s on a p e r s o n a l computer Bodin and Golden [31 r e p o r t on 13
American v e h i c l e r o u t i n g systems commercially a v a i l a b l e on a microcomputer. Two of t h e systems s o l v e o n l y t h e t r a v e l l i n g salesman problem. The remaining 11 systems are grouped i n t o two c l a s s e s . The i n e x p e n s i v e v e h i c l e r o u t i n g packages (5 systems) g e n e r a l l y c o s ti n g less t h a n US$ 5000 and t h e more e x p e n s i v e r o u t i n g packages ( 6 s However o n l y 5 of t h e 1 1 systems o f f e r some g r a p h i c s c a p a b i l i t i e s which i s one of t h e key a d v a n t a g e s of microcomputers. Only 3 of t h e 5 g r a p h i c systems a r e i n t e r a c t i v e . 2 of t h e s e systems a r e r a t h e r s p e c i a l purpose systems l e a v i n g only one system. The 3 i n t e r a c t i v e systems c o s t between US$ 1 0 0 0 0 and 145000 (on t h e a v e r a g e U S $ 5 1 0 0 0 ) .
Although t h e r e p o r t mentioned above i s w r i t t e n i n 1985, and a l t h o u g h t h e number of systems w i l l i n c r e a s e and t h e cost of t h e systems w i l l d e c r e a s e t h e r e i s s t i l l a need The s c r e e n l a y o u t i s shown i n f i g u r e
1 . The main menu w i l l always be p r e s e n t i n t h e ma'in menu window. T h i s w i l l g i v e t h e u s e r an o p p o r t u n i t y t o s e l e c t an o p t i o n from t h e main menu a t any t i m e , even when r u n n i n g a sub-menu; i f so t h e sub-menu w i l l be t e r m in a t e d , and t h e new o p t i o n i n t h e main menu w i l l b e a c t i v a t e d .
When s e l e c t i n g an o p t i o n from t h e main menu, move t h e mouse c u r s o r ( a n X on t h e s c r e e n )
t o t h e a p p r o p r i a t e o p t i o n and p r e s s t h e b u t t o n on t h e mouse, t h e r e b y " p u l l i n g down" the s e l e c t e d s u b -m e n u . S t i l l w i t h t h e b u t t o n p r e s s e d , t h e u s e r p o i n t s a t t h e approp r i a t e a l t e r n a t i v e and releases t h e b u t t o n .
The pull-down menu w i l l d i s a p p e a r a g a i n and t h e s e l e c t e d a c t i o n w i l l be e x e c u t e d by t h e system. F i g u r e 2 shows one of t h e pull-down menus -t h e SOLVE menu. Using t h i s approaoh, t h e main menu i s always p r e s e n t and t h e submenus w i l l o n l y appear when c a l l e d f o r .
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Figure 2 Exampk? of a pull-down nkmu (the SOLVE m u )
The l i s t i n g window i s used f o r d i sp l a y i n g alpha-numeric l i s t i n g s of e.g. r o u t e s and s c h e d u l e s . The l i s t i n g window i s sepa r a t e d from t h e map window, a l l o w i n g t h e u s e r t o work s i m u l t a n e o u s l y w i t h alpha-numeric and g r a p h i c i l l u s t r a t i o n s of t h e problem. The map window i s p r i m a r i l y used t o show t h e geographic area and t h e r o u t e s ass o c i a t e d w i t h t h e problem c u r r e n t l y workedon.
The remark window c o n t a i n s two k i n d s
.of i n f o r m a t i o n . The f a r r i g h t end o f t h e remark window w i l l show t h e name a s s o c i a t e d
w i t h t h e c u r r e n t problem o r geographic a r e a .
The l e f t p a r t of t h e window w i l l d i s p l a y d i ff e r e n t h e l p -i n f o r m a t i o n f o r t h e u s e r , g u i d i n g t h e u s e r smoothly t h r o u g h t h e problem-solving
p r o c e s s .
I n case an i n p u t of n o n -d i s c r e t e alpha-numeric d a t a i s n e c e s s a r y a l l q u e s t i o n s have been s t a n d a r d i z e d t o one form t h e r e b y a v o i d i n g t o c o n f r o n t t h e u s e r w i t h a new k i n d
of q u e s t i o n e a c h t i m e an alpha-numeric i n p u t i s needed.
I n c a s e of d i s c r e t e c h o i c e s between a l t e r n a t i v e s t h e s e are i n c o r p o r a t e d i n t h e
menus. Yes/no q u e s t i o n s are answered by u s i n g t h e mouse.
When we are c o n s i d e r i n g alpha-numer i c d i s p l a y of d a t a , c o l o u r s s e r v e t h e purpose of enhancing r e a d a b i l i t y . The c o l o u r s a l s o s e r v e t h e purpose of c o n n e c t i n g alphanumeric i n f o r n a t i o n w i t h t h e r o u t e s drawn on t h e map window. T h i s i s done by u s i n g t h e c o l o u r c o r r e s p o n d i n g t o t h e r o u t e i n t h e
alpha-numeric d i s p l a y . 
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t o b e s e r v e d w i t h i n t h e p l a n n i n g h o r i z o n . F i n a l l y an i n t e r n a l r o u t e and s c h e d u l i n q d a t a b a s e h o l d s i n f o r m a t i o n on t h e p r e s e n t p l a n n i n g s i t u a t i o n . The road d a t a b a s e i s n o t a t p r e s e n t implemented i n t h e s t a n d a r d MIGA system b u t e x i s t i n g r o a d d a t a b a s e s may be conn e c t e d t o MIGA.
As e a r l i e r mentioned t h e main menu i s always p r e s e n t on t h e s c r e e n . If o f f e r s t h e f o l l o w i p g sub-menus:
-' F i l e . Numerical e x p e r iments seem t o show t h a t two-phase u s u a l l y g i v e s t h e b e s t r e s u l t s . The t h r e e methods f o r t i m e c o n s f r a i n e d problems are h a r d e s t , saving, and i n s e r t i o n [ 9 ] . The methods b e a r t h e same names as t h e non-time c o n s t r a i n e d s o l u t i o n methods and as such t h e y are g e n e r a l i z a t i o n s of t h e s e methods. Here e x p e r i m e n t s shows t h a t i n s e r t i o n u s u a l l y g i v e s t h e b e s t r e s u l t s . A l l methods are e s p e c i a l l y a d a p t e d f o r u s e i n an i n t e r a c t i v e environment. The p r i c e of t h e s o f t w a r e w i l l be approximat e l y US$ 7 0 0 0 -9 0 0 0 p l u s geocoding, maps and t r a i n i n g .
The System Performance
Apart from t h e s o l u t i o n menu u s u a l o p e r a t i o n s r e q u i r e l e s t h a n a second i.e.
MIGA works o n -l i n e . A 100 p o i n t problem witho u t t i m e c o n s t r a i n t s can be s o l v e d by twophase i n 1-2 seconds on an IMB PC/AT. Usuall y t h e improvement o p e r a t i o n improves t h e sol u t i o n by some 5-8% and manual changes may improve t h e s o l u t i o n by 5%.
A 1 0 0 p o i n t problem w i t h time cons t r a i n t s c a n be s o l v e d by i n s e r t i o n i n 7-15 seconds on an I B M PC/AT. I n a d d i t i o n manual changes may a l s o h e r e improve t h e s o l u t i o n .
Problems w i t h s e v e r a l hundred customers may e a s i l y be s o l v e d .
